The methanolic extract of Tephrosia purpurea (Leguminosae) shoots was evaluated in-vitro for its anti-inflammatory and xanthine oxidase inhibitory activity. Anti-inflammatory activity was measured by the Diene-conjugate, HET-CAM and β-glucuronidase methods. The enzyme inhibitory activity was tested against isolated cow milk xanthine oxidase. The average anti-inflammatory activity of T. purpurea shoot extract in the concentration range of 1-2 µg/mL in the reacting system revealed significant anti-inflammatory activities, which, as recorded by the Diene-conjugate, HET-CAM and β-glucuronidase assay methods, were 45.4, 10.5, and 70.5%, respectively. Screening of the xanthine oxidase inhibitory activity of the extract in terms of kinetic parameters revealed a mixed type of inhibition, wherein the K m and V max values in the presence of 25 to 100 µg/mL shoot extract was 0.20 mM/mL and 0.035, 0.026, 0.023 and 0.020 µg/min, while, for the positive control, the K m and V max values were 0.21 mM/mL and 0.043 µg/min, respectively. These findings suggest that T. purpurea shoot extract may possess constituents with good medicinal properties that could be exploited to treat the diseases associated with oxidative stress, xanthine oxidase enzyme activity and inflammation.
Tephrosia purpurea L. (Leguminoceae) is a perennial herb popularly known as "Sarapunkha" in Sanskrit, 'Purple Tephrosia' in English and 'Unali' in Marathi [1] . The plant is used in folk medicine as an antidiabetic, anticancer and antiulcer agent, and for the treatment of diseases related to oxidative stress, and inflammation [2] . Inflammation is a fundamental protective response or a local response to living mammalian tissue injury. This phenomenon develops due to the interaction of free radicals like reactive oxygen species (ROS) and cellular components resulting in cellular damage and tissue injury [3] . The enzyme β-glucuronidase is implicated as one of the mediators in the initiation and progression of inflammation. Free radicals include reactive species such as hydroxyl radicals, peroxyl radicals, super oxide radicals, hydrogen peroxide, singlet oxygen and various lipid peroxides [4, 5] . ROS are also capable of reacting with membrane lipids, proteins, nucleic acids, various metabolic enzymes and small molecules of living systems. They play an important role in the initiation and progression of various diseases such as atherosclerosis, cardiovascular diseases, aging, respiratory diseases, cancer and gout [6, 7] . Gout develops due to the deposition of uric acid in the form of urate monohydrate crystals in the synovial joints during purine catabolism by xanthine oxidase (XO) [8] . XO catalyses the conversion of hypoxanthine to xanthine, and xanthine to uric acid, with concomitant production of hydrogen peroxide and superoxide anions as by products [9] . This study aimed at evaluating T. purpurea shoot extract as an anti-inflammatory agent and xanthine oxidase inhibitor. XO is mainly involved in formation of uric acid leading to free radical induced damage and gout. Recently, the most important reported biological properties of secondary metabolites was due to their antioxidant abilities, electron transfer capacity, free radical scavenging, chelating abilities, oxidase inhibitor and anti-inflammatory activities [10] .
Xanthine oxidase purification:
Freshly purified milk XO from different species showed an UV-spectrum with three major peaks at 280, 325, 450 nm, with an A280/A450 (protein to flavin, PFR) ratio of 5.3, 5.2 and 5.1 for bovine milk, indicating a high degree of purity. The concentration of protein was found to be 0.8 mg /mL and when run on SDS-PAGE, the purified enzymes showed quite similar patterns with one major band of approximately 150 KDa.
Anti-inflammatory activity of the methanolic extract of T. purpurea:
Anti-inflammatory activity ( Table 1) Table 2 ). The inhibition was dose dependent, with a minimal XO inhibitory activity of 25% at 25 µg /mL of extract and a maximum of 98 % inhibition at 100 µg/mL. The inhibition produced by the 100 µg/mL extract was approximately similar to that of the standard drug allopurinol. The inhibition of XO resulted in a decreased production of uric acid, as measured spectrophotometrically at 295 nm. In the present study, the possible mechanisms of action of T. purpurea shoot extract were studied against inflammation and xanthine oxidase. The results presented for the methanolic extract revealed excellent antiinflammatory activity. It is known that during inflammation and associated processes, there is an increased production of superoxide ions. It may be possible that the inhibition of superoxide generation in peritoneal macrophages is related to the anti-inflammatory activity of T. purpurea [11] . β-Glucuronidase, which mainly occurs in lysosomes of neutrophils, plays an important role as a mediator in the initiation and progression of inflammation [12] . Hydroperoxides (dieneconjugates) generation is one of the intermediate steps in membrane lipid peroxidation [13] . The lipid peroxidation phenomenon plays a vital role in many inflammatory disorders. Lipid peroxidation results in oxidative modifications of the apoprotein, which is mainly involved in macrophage uptake and atherogenesis [14] . The result indicates that the plant extract may reduce the lipid peroxidation by virtue of its antioxidant and antiinflammatory activity. The HET-CAM assay is a novel method of anti-inflammatory assay. The inflammatory condition was induced by sodium dodecyl sulfate (50 µg/pellet) and was observed after 24 hours. Phenyl butazone (control) produced 75 to 80% inhibition as a standard. However, the T. purpurea shoot extract revealed only very weak inhibition in this assay. Kinetic analysis using the Lineweaver-Burk plot revealed that the shoot extract of T. purpurea displayed high inhibitory activity. The pattern of inhibition was of a mixed type, where V max decreased and K m appeared to be unaltered with respect to xanthine as substrate ( Figure 1 ). This indicates that binding of the phytochemicals present in the extract may occur with the free enzyme or the enzyme -substrate complex. The significant inhibition of XO by the shoot extract of T. purpurea may suppress the production of either reactive oxygen species or uric acid in vivo under the conditions that xanthine oxidase works. The inhibition percentage produced by the shoot extract of T. purpurea was comparable to that of allopurinol, a therapeutic drug used to treat gout.
Conclusion:
This study indicates that T. purpurea shoot extract has the potential to act as a free radical scavenger to reduce oxidative stress and inflammation, and prevent the diseases caused due to over production of either ROS or free radicals in living organisms. The activity guided fractionation of the active phytochemicals from the shoot of the plant is being carried out, aiming at the formulation of a safer and efficient drug to prevent oxidative stress and related diseases. The shoot extract of the herb revealed potent xanthine oxidase inhibition activity, which might be useful for the treatment of gout and hyperuricemia, which correlate with the ethnobotanical data on the use of these plants in Indian folklore and Ayurveda. The data investigated in this study provide the basis for further investigation of this plant species to isolate the active constituents and for drug development against diseases related to oxidative stress, inflammation and gout.
Experimental
Plant extract: Shoots of T. purpurea were collected during August to September 2009 from the local forest of Nanded, India. The sample was taxonomically identified and deposited in the Department (Voucher No SRT/BT/P/SN/ 101). The shoots were shade dried for a week, ground by using a mortar and pestle. Dry material (500 g) was extracted with methanol (90%) in a Soxhlet apparatus for 4 h. The resultant extract was then filtered, concentrated to dryness under reduced pressure at 60 ± 10°C in a vacuum rotator evaporator and the percentage yield of the extract was calculated. This extract was used in the tests [15] .
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Determination of anti-inflammatory activity

Conjugated Diene assay:
The conjugated diene assay involves the preparation of RBC membranes. The blood samples, collected with the addition of EDTA (2 mg/mL) as an anticoagulant, were centrifuged and the plasma was aspirated. The blood cells were washed 3 times with saline (0.89%) and a 5 mL blood sample was incubated overnight at 0°C with 5 mL of ice-cold distilled water. The hemolysate was separated by centrifugation in a cooling centrifuge at 10,000 rpm for 20 min. The pellet was washed twice with distilled water, followed by centrifugation for 10 min, and then suspended in 10 mL Tris-HCl buffer (0.1 M, pH 7.4). The resultant solution was then used as a membrane solution. This (1.0 mL) was mixed with 5 mL of a chloroform: methanol (2:1) mixture and the different concentrations (1, 1.5 and 2 µg) of T. purpurea shoot extract. The mixture was centrifuged at 100 x g for 15 min to separate the 2 phases. The chloroform layer was removed using a separating funnel and dried at 45 O C in a water bath. The lipid residue was dissolved in 1.5 mL of cyclohexane and the hydroperoxides generated were detected spectrophotometrically at 233 nm against cyclohexane as blank. Acetylsalicylic acid (1mM) was used as the standard drug. The % activity for all the parameters was calculated using the standard formula [16, 17] .
% Activity = (1-T/C) x 100
Where, T = absorbance of test sample and C = absorbance of control sample.
HET-CAM assay:
Hen's egg chorioallantoic membrane was used for this assay. Five mg sodium dodecyl sulfate (SDS) was dissolved with 50 mg Tephrosia purpurea shoot extract and 5 mg of control phenylbutazone in 1 mL of a hot (about 60 O C) 2.5 % agarose solution. About 10 μL of these gelling solutions were used for the assay. The fertile hens' eggs were incubated for 65-70 h at 37 O C with a relative humidity of 80%. The eggs were placed in a horizontal position and rotated several times. They were opened at the snub end for the aspiration of 10 mL of albumin from the hole at the pointed end. At two-thirds of the height from the pointed end, the eggs were traced with a scalpel and after that the shells were removed with forceps. The aperture was covered with Keep fresh papers and the eggs were incubated at 37 O C at a relative humidity of 80% for 75 h. One pellet per egg was put on the formed chlorioallantoic membrane (CAM), which was about 2 cm in diameter. The eggs were incubated for 1 day and then evaluated. For every test, 10-15 eggs were utilized. To evaluate the effects as positive irritation control, CAMs were treated with SDS only. As a positive control, phenylbutazone was tested at a concentration of 72.5 mg/pellet and in the presence of SDS at a concentration of 50 µg/pellet. T. purpurea shoot extract was assayed at a concentration of 500 mg/mL, with SDS as a negative control and, as a blank, CAM was treated with agarose solution only. The inhibition or otherwise of the membrane irritation was observed. A positive effect, corresponding to anti-inflammatory activity exists if the irritation of the membrane induced by SDS decreased and the blood vessel net appeared normal. The number of experiments with a positive effect was given as a percentage, indicating the level of anti-inflammatory activity [18] .
β-Glucuronidase inhibition assay:
For this assay, a 2.5 mM solution of p-nitrophenyl-β-D-glucopyranosiduronic acid was incubated with 5 mg of T. purpurea shoot extract in acetate buffer (0.1M, pH 7.4) for 5 min followed by addition of 0.1 mL of β-glucuronidase (10 µg/mL) solution. The mixture was further incubated for 30 min, followed by the addition of 2 mL sodium hydroxide (0.5 N) solution to terminate the reaction. The amount of reaction product formed was observed and the absorbance was recorded spectrophotometrically at 410 nm. Salicylic acid (1mM) was used as the reference drug for comparative study [19] .
Purification of milk XO: XO was purified routinely in our laboratory from cow milk, in the presence of 10 mM dithiothreitol, by ammonium sulfate fractionation, followed by affinity chromatography on heparin-agarose, as previously described for bovine milk [20] . The XO concentration was determined from the UV-visible spectrum by using an absorption coefficient of 36 000 M −1 cm −1 at 450 nm. The purity of the enzyme was assessed by protein/flavin ratio (PFR = A280/A450) [21] and sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) (10%). The activity of XO was spectrophotometrically determined by measuring the production of uric acid from xanthine (100 μM, final concentration) at 295 nm using an absorption coefficient of 9600 M −1 cm −1 [22] . Assays were performed at room temperature in air-saturated 50 mM phosphate buffer, pH 7.4, supplemented with 0.1 mM EDTA. Protein (enzyme amount) determination was carried out according to Macart and Gerbaut [23] , using a standard curve of bovine serum albumin (BSA) ranging between 0.0 and 1.5 mg/mL and an UV/VIS-spectrophotometer.
Xanthine oxidase inhibition:
Assays were performed by using a better physiological condition for optimization of enzyme activity at variable pH ranging from 2 to 9 and a temperature from 10°C to 80°C. The pH effect was studied by using phosphate buffer of varying pH. Effect of variable substrate (xanthine) concentration (1mM/mL to 5 mM/mL) was studied to determine the stability of the enzyme substrate complex in terms of kinetic parameters K m and V max . The optimum pH, temperature and substrate concentration was examined by the same procedure used for the enzyme activity study [24] . The inhibitory activity of T. purpurea shoot extract was determined using the standard inhibitor allopurinol (100 mM), which was diluted with phosphate buffer (0.1 mM) to obtain 25, 50, 75 and 100 µM solutions. T. purpurea shoot extract was dissolved in 1mM phosphate buffer to make concentrations of 25, 50, 75 and 100 µg/mL, which were further diluted with 0.1 mM phosphate buffer to obtain different concentrations for kinetic study. The inhibitory activity of T. purpurea shoot extract was determined using a slight modification of the reference methods [25, 26] . Briefly, Nile & Khobragade 7.0 μL of xanthine oxidase solution (0.4U/ mL) was added to 130 μL phosphate buffer (0.1 M, pH 7.8). The reaction mixture was then incubated at 37°C for 10 min. Then 70.0 μL of 40 µM xanthine solution was added to the mixture and the absorbance was recorded spectrophotometrically at 295 nm. The blank solution was prepared in an analogous way, but instead of the enzyme, it contained 7 μL of phosphate buffer solution. The test was performed in triplicate. Enzyme inhibitory activity was determined by quantifying the amount of uric acid formation from xanthine in the reaction mixture. The assay mixture contained both T. purpurea shoot extracts and xanthine. Both the inhibitor and substrate concentrations were identical for the reaction. Xanthine oxidase activity was expressed as % inhibition of xanthine oxidase and calculated as
% inhibition = (1-B/A) x 100
Where, A is the change in absorbance of the assay without the T. purpurea shoot sample and B is the change in absorbance of the assay with the T. purpurea shoots sample. The enzyme kinetics were similar to those of the xanthine oxidase assay method.
